Abstract: A pulse compression (PC) process was used to analyze echoes from individuals of two distinct morphological classes, animals that are fluid-like (Euphausiid, Decapod Shrimp)~nd elastic-shelled (Periwinkle). Using existing scattering models, the received echo will be a sum of multiple, closely spaced echoes from the animal (1). The received signal is subject to interference (both constructive and destructive) from the multiple echoes This interference can change the amplitude and shape of the received signal, thereby affecting any amplitude measurements. The PC analysis can possibly resolve the multiple echoes distinctly. Information from these echoes can be used to characterize the orientation of the animal.
INTRODUCTION
Acoustic surveys of zooplankton populations rely on the accurate conversion of energy from a backscattered echo to plankton biomass. Most studies that convert the backscattered energy use some measure of the total amount of energy that is reflected. However, this measure is the sum of multiple echoes from different scattering facets of the organism. Since these echoes occur closely, they can interfere with each other. Thus a echo envelope measurement (such as a Target Strength) is affected by interactions of the multiple returns. By using a PC signal processing technique, one can identify multiple wave arrivals that in the time domain overlap and are difficult to detect (1). Using the relative amplitudes and time delays between these multiple arrivals and applying knowledge from existing scattering models; one can estimate the size or the orientation of the animal (2).
METHODS
The acoustic data was collected with a data acquisition system which has been described previously (3) . The selected animal was tethered in a seawater tank with a thin monofilament and placed in the far-field region of a pair of custom broadband transducers. A signal generator created a "chirp" signal with a Gaussian envelope (centered at 5k Hz). The backscattered echo was received by the second transducer, digitized, and stored. It should be noted that the scattering measurements for the periwinkle are from its shell. The animal was removed from the shell before the experiment in order to simplify the handling procedures.
The PC processing of the echoes is simply a type of matched filtering (see (4) for an introduction to matched filters). Once the PC processing was done, a simple peak finding algorithm was used to select the two largest peaks in the signal. The largest peak was called the primary echo, and the second largest peak was referred to as the secondary echo. Both the magnitude and timing of the echoes were recorded. The use of a broadband signal for the PC processing is desirable, as the Signal to Noise Ratio increases proportionally to the bandwidth (4). Sonars with "chirp" capabilities are commercially available, but so far this feature has been underutilized (5).
RESULTS
For the fluid-like creatures, the scattering models predict a return from the shell of the animal, and also a second return from acoustic energy that propagates through the shell, through the animal, and reflects from the far shell of the animal (2) . Thus the travel time corresponds to a distance that at a minimum (when the animal is broadside to the acoustic wave) is twice the animal's diameter. If the animal is not broadside to the acoustic energy, then a longer travel time would occur. The data for the fluid-like animals shows large scale trends between orientation and both the magnitude and the time delay of the primary and secondary echoes.
The scattering mechanism of the periwinkle is more complex than that of the fluid-filled crustaceans. Figure 1 shows three polar plots of normalized echo magnitude for different types of processing. The narrowband signal (Fig.  1a) shows littIe or no dependence on orientation. With increasing bandwidth, a pattern develops that is shown by the broadband signal (Fig. lb) , Finally, the magnitude of the primary echo from the PC processing is shown (Fig. It) .
While the general shape of the beampattern is similar in (b) and (c), there are some distinct differences (most noticeably the change from two lobes to one at -1100). Two important things to note are the additional information that a broadband signal provides (with no additional signal processing), and that analyzing individual echoes (through the PC process) can offer subtle, but possibly significant, differences in echo magnitude estimates. 
DISCUSSION
Using the PC processing, multiple returns from a single insonification can be detected. With the knowledge from scattering models, the delays and amplitude differences between the multiple returns offer information for estimating size or orientation. Similar information can be obtained from an echo envelope measurement, but the PC method allows one to examine echoes from specific scattering mechanisms. This is because it isolates individual echoes instead of aggregating them as a echo envelope measurement does. Additional information is also provided by using a large bandwidth signal.
